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MICROWAVE PLASMA PROCESSING
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a microwave plasma processing
system which performs a processing such as etching, ashing,
or thin film formation in a production of a semiconductor
device.

2. Description of Related Art

In a plasma processing system, a gas discharge is per-
formed in a vacuum vessel under a reduced pressure or a lJow
gas pressure by introducing microwaves into the vessel,
‘thereby generating a plasma, and the surface of a substrate
which 1s a sample 1s irradiated with the generated plasma so
that a processing such as etching, or thin film formation is
conducted on the substrate. Since such a plasma processing
system 1s essential for the production of a highly integrated
semiconductor element or the like, research and develop-
ment thereof are intensively conducted. Particularly, a
microwave plasma processing system in which the genera-
tion of a plasma and the acceleration of ions in the generated
plasma can be controlled independently is desired in the dry
etching technique and the burying technique for thin film

- formation.

FIG. 1 shows a conventional microwave plasma process-
-1ng system proposed by the applicant of the present appli-
cation in Japanese Patent Application Laid-Open No.
5-144773(1993). The system is aimed at independently
controlling the generation of a plasma and the acceleration
of ions in the plasma. In the figure, numeral 11 designates a
reactor which is made of a metal such as aluminum (Al), or
a stainless steel. The reactor 11 is airtightly partitioned by a
microwave introduction window 14. The window 14 con-
sists of a refractory plate made of a material such as quartz
glass, or Al,O; which allows microwaves to be transmitted
therethrough, produces a small dielectric loss and has heat
resistance.

In the upper portion of the reactor 11 which is partltloned
by the microwave introduction window 14, disposed is a

dielectric passage 17 which opposes the microwave intro-
duction window 14 with a predetermined distance therebe-
tween and has a size suilicient for covering the microwave
introduction window 14. The dielectric passage 17 com-
prises a dielectric layer 17b which is made of a dielectric
material producing a small dielectric loss, such as fluo-

roresin, polystyrene, or polyethylene, and a cover 17a which

‘1s made of Al or the like and disposed on the upper face of
the dielectric layer 17b. Microwaves are introduced from a
microwave oscillator 19 into the dielectric passage 17 via a
waveguide 18.
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~ In the lower portion which is partitioned by the micro-

~wave introduction window 14, a reaction chamber 13 is
formed. A sample stage 15 having a sample holder 15a for
holding a sample S which is to be processed is disposed
inside the reaction chamber 13. A high frequency power
source 155 for generating a bias voltage at the surface of the
sample S 1s connected to the sample holder 15a. The sample
holder 15a is provided with a suction mechanism for suck-
ing the sample S due to an electrostatic chuck, and a cooling
mechanism for cooling the sample S due to a circulating
coolant or the like.

The side wall of the reaction chamber 13 has a double-
wall structure so that a flow path 12 serving as a passage for
cooling water is formed inside the double-structured side
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wall. An inlet pipe 124, and an outlet pipe 126 are commu-
nicated with the flow path 12. A gas supply pipe 165 through
which gasses required for generating a plasma are supplied
into the reaction chamber 13 is comnected to the upper
portion of the side wall. A gas discharge port 16a which is
connected to an evacuating apparatus and through which the
reaction chamber 13 (reactor 11) is evacuated to attain a

vacuum 1s disposed in the lower wall of the reaction cham-
ber 13.

The reactor 11, the microwave introduction window 14,
the sample holder 154, the dielectric passage 17, and so on
constitute the microwave plasma processing system 10. The
plasma processing area can be varied by changing the
horizontal section areas of the microwave introduction win-
dow 14, and the dielectric passage 17.

Hereinafter, the case where a processing, for example, an
etching 1s to be conducted on the surface of the sample S in
the thus configured microwave plasma processing system 10

will be described.

At first, evacuation is conducted through the gas discharge
port 164 to set the interior of the reaction chamber 13 to have
a predetermined pressure, and reactant gasses are then
supplied through the gas supply pipe 16b. Cooling water is
supplied through the cooling water inlet pipe 12a to be
circulated in the flow path 12, and then discharged into the
cooling water outlet pipe 12b. Then the microwave oscillator
19 oscillates microwaves and the generated microwaves are
introduced into the dielectric passage 17 via the waveguide
18 so that an electric field is generated below the dielectric
passage 17. The generated electric field is transmitted
through the microwave introduction window 14 so that a
plasma is generated in the reaction chamber 13. At the same
time, in order to control the anisotropy and the acceleration
energy of ions in the plasma, the high frequency power
source 13b applies a high frequency electric field to the
sample holder 15a on which the sample S is mounted, so that

a bias voltage is generated at the surface of the sample S.
The bias voltage causes the ions to be perpendicularly

incident upon the sample S and controls the energy of the
1ons incident upon the sample S, thereby conducting the etch
processing or the like on the sample S.

Although, a system is proposed which is configured so
that, in the microwave plasma processing system 10, an
electrode made of, for example, an Al plate is in contact with
the lower face of the microwave introduction window 14, or
disposed at a predetermined position at the midpoint
between the microwave introduction window 14 and the
sample holder 15a (Japanese Patent Application Laid-Open
No. 6-104098(1994)). Through holes through which the
microwave is to be transmitted are formed in the electrode,
and the electrode is grounded. The plasma potential gener-

~ ated when a high frequency electric field or a DC electric

field is applied to the sample holder 15a is stabilized.
Therefore, a stable bias voltage is generated at the surface of
the sample S so that the directivity and the acceleratmn
energy of ions in the plasma are further optimized.

Recently, such a method is proposed in which the side
wall of the reaction chamber 13 is heated so that reaction
products or decomposition products (hereinafter, referred to
merely as “products”) produced by the discharge energy of
a plasma are suppressed from adhering to the side wall of the
reaction chamber 13, thereby increasing the density of
products in the vicinity of the surface of the sample S
(Japanese = Patent  Application  Laid-Open  No.
4-256316(1992)). According to the method, in a process of
etching a silicon oxide (Si0O,) film, the SiO, film can be
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| _etched away with a high selectivity with respect tc the
. ground silicon (poly- -Si) film. | |

However, the microwave plasma processing system 10 S
~has a problem in that, even when the side wall of the reaction
~ chamber 13 is heated, products easily adhere the side wall of

4

- respect to the ground silicon film, ‘and an efficient plasma

. the reaction chamber 13 little by little to form a deposition

- film, the deposition film flakes

~ particles adhere the surface of the sample S, whereby the
~ plasma processing is adversely affected. In order to prevent .
10.

. removed away by cleaning using an oxygen plasma. How- -
";duced

- such particles from being produced the deposition film is

ever, this dry cleamng step requires much labor and pro-

off as particles, and the

processing can be conducted on the sample continuously and
with excellent reproducibility. The adhesion preventing
member can prevent products from directly adhering to the

~ wall of the reactor; and the adhesion preventing member
: which is currently used and on which a deposition film of
| products is formed can be replaced with another adhesion

- preventing member which has been cleaned, whereby the

‘duces a problem in that the efficiency of the plasma pro- .
~ the invention is characterized in that aforementioned the

cessing is lowered. Furthermore, there is a problem in that,

~ when wafers servmg as the sample S are successively -

| subJected to a plasma processing one by one, the selectivity
- 18 gradually changed with the result that it is difficult to

15 adhesion preventmg member is dlsposed in contact with the

 interior of the reaction chamber can easﬂy be cleaned.
.Ccnsequently, the avallabrllty factor of the system can be

increased, and partlcles can be prevented from bemg pro-

The rrucrowave plasma processmg system according to

. microwave introduction window and is formed integrally
- with a conductcr through holes. The adhesion preventing

‘always conduct an eilicient plasma processmg w:tth excellent

| reprcducrblhty

SUMMARY OF THE INVENTION

: | The invention has been conducted i in order to- sclve the'
) above-discussed problerns It 1s the pnmary object of the
| .;mventmn to pr0v1de a microwave plasma processing system |

_member may be disposed at the rmdpcmt between the

- microwave introduction window and the sample holder.
20

Acccrdmg to the microwave plasma processing system,

. the reflecting plate enables a plasma to be generated at a high

- pressure. Since the conductor can generate a

25

which is capable of generaﬂng a plasma at a high density in
- adhesion preventlng member to have a predetermined tem-
~ perature via a wall, adhesion of products to the adhesion

. a reaction chamber set in a relatively low pressure state and _
is capable of generatmg a stable bias voltage at the surface
of a sample so. that the directivity and the acceleration

- energy of ions in the plasma are further chnuzed as well 30

as which is capable of conducting an etch processing on
silicon oxide with a high selectivity and of conducting
continuously an efficient plasma processing on a sample

can be attained easily.

- The microwave plasma prccessmg system accerdmg to T
the invention is characterized in that the system comprises

heating means for heating and keeping maintaining a wall of

a reactor 1o a predetenmned temperature, and a adhesion

- with excellent reproducibility and maintenance for which o
- | % conducted on the sample continuously and with excellent

'reproduc1b111ty The adhesion preventing member can pre-

density in a reaction chamber set to be under a relatively low
a stable bias
voltage at the surface of a sample the directivity and the
acceleration energy of ions in the plasma can be further

optimized. Since the heating means can heat and keep the

- preventing member can be reduced. As a result, the density
-of products distributed in the vicinity of the surface of the
~sample can be further increased and products can be kept at
-a high density state. Therefore, an SiO, film can be etched
away with a h1gher selectivity with respect to the ground

poly-Si - film, and an efficient plasma processing can be

- vent products from dtrectly adhering to the wall of the
- reactor and a face of the microwave mtroductmn window,

.prevenung member in which a cylinder dlsposed 1n close -
-proximity to the inner side of the side wall of the reactor and

~a reflecting plate, which has a gas discharge hole, are

| __1ntegra]ly formed, the reflecting plate being disposed at a
~ position between the cylinder and a sample holder in a
manner that the reﬂectmg plate cppcses a nucrcwave 1ntrc— 5

 duction window.

Ina fcllcwrng ccnﬁguranon even when the temperature

.' :j of the side wall is controlled, the temperature of the reflect-
. mg plate is hardly ccntrclled The configuration 1 is: a reflect-

50

‘ing plate aimed at mcreasmg the energy efficiency even

~ under a low pressure is directly supported at the inner
- peripheral portion by a sanmle stage and the outer periph-

eral portion of the reflecting plate is not directly connected

o to the side wall of a reactor to form a gap therebetween. In
~ the ccnﬁguratren the heat conduction is blocked by the gap.

- According to the microwave plasma prccessmg systemof
--the invention, the reflecting plate enables a plasma to be -~
generated at a high density in a reaction chamber set to be

under a relatively low pressure, and the heating means heats'

40-

- and the adhesion preventing member which is currently used
‘and on which a deposition film of products is formed can be
replaced with another adhesion preventrng member which
~ has been cleaned, whereby the interior of the reaction

| _chamber can be cleaned easily and surely Censequently, the
“ availability factor of the system can be further increased, and

4 "-par_trcles can ,b_e further: prevented from bemg produced.

The above and further objects and features of the inven-

‘tion will more fully be apparent from the follcwrng detarled |
| descnptlon with accompanymg drawmgs -

B BRIEF DESCRIPTION OF THE DRAWINGS

"FIG. 1 is a schematic section view showing a conven-

~ tional microwave plasma processing system,;

35

"FIG. 2 is a schematic section view showmg a microwave

. '_-plasma processing system of Embodiment 1;

60

and keeps the adhesion preventmg member to have a pre-
determined temperature via a wall. Therefore, adhesion of

- products to the adhesion preventing member can be reduced.

As a result, the density of products distributed in the vicinity |

~of the surface of the sample can be increased and products

- can be maintained at a high density state. Therefore, a silicon =

65

~ oxide film can be etched away wrth a hrgher select1v1ty w1th

FIG. 3 is a schematic section vrew shcwrng a microwave

| lplasma precessmg system used a comparison example;

'FIG. 4 is a graph showing relatmnshlps between the oil
temperature and the deposition rate in the system of the
invention and that of the comparison example;

- HG. 5isa graph.showmg relarlcnshlps_between the oil
temperature and the etch selectivity in the system of the

invention and that of the comparison example
FIG 6A is an explanatory dlagram showing an etching

result accordlng to the system cf the mventlon
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FIG. 6B is an explanatory diagram showing an etching
result according to the system of the comparison example;

FIG. 7 is a graph showing relationships between the
number of processed wafers and the relative etch rate in the
system of the invention and that of the comparison example;
and

FIG. 8 1s a schematic section view showing a microwave
plasma processing system of Embodiment 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, the invention will be described in detail with
reference to the drawings showing its embodiments.

Embodiment 1

FIG. 2 1s a section view schematically showing a micro-
wave plasma processing system of Embodiment 1. In the
figure, numeral 11 designates a reactor having a hollow
cylindrical shape. The reactor 11 1s made of a metal such as
aluminum, or a stainless steel. The reactor 11 is airtightly
partitioned by a microwave introduction window 14. The
window 14 consists of a refractory plate made of a material
such as quartz glass, or Al,O, which allows microwaves to
be transmitted therethrough, produces a small dielectric loss
and has heat resistance.

In the upper portion of the reactor 11 which is partitioned
by the microwave introduction window 14, disposed is a
dielectric passage 17 which opposes the microwave intro-
duction window 14 with a predetermined distance therebe-
tween and has a size sufficient for covering the microwave
introduction window 14. The dielectric passage 17 com-
prises a dielectric layer 17b which is made of a dielectric
material producing a small dielectric loss, such as fluo-
roresin, polystyrene, or polyethylene, and a cover 17a which
is made of Al or the like and disposed on the upper face of
the diclectric layer 17b. Microwaves are introduced from a
microwave oscillator 19 into the dielectric passage 17 via a
waveguide 18. |

In the lower portion which 1s partitioned by the micro-
wave introduction window 14, a reaction chamber 13 is
formed. A sample stage 15 having a sample holder 15a for
holding a sample S which 1s to be processed is disposed
inside the reaction chamber 13. A high frequency power
source 15b for generating a bias voltage at the surface of the
sample S is connected to the sample holder 15a. The sample
holder 154 is provided with a suction mechanism for suck-
- ing the sample S such as an electrostatic chuck and a cooling
mechanism for cooling the sample S which uses a circulat-
ing coolant or the like.
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The side wall of the reaction chamber 13 has a double-

wall structure so that a flow path 12 serving as a passage for
a heating medium is formed inside the double-structured
side wall. An inlet pipe 124 and an outlet pipe 12b for the
heating medium are connected to the lower and upper
portions of the flow path 12, respectively. The inlet pipe 12a
and the outlet pipe 12b are connected to a feed pump 2la,
a temperature controller 21b, and a heating medium tank
21c. The flow path 12, the feed pump 21aq, the temperature
controller 215, the heating medium tank 21c, and so on
constitute a heating means 21. The heating medium set to
have a predetermined temperature by the temperature con-
troller 21b 1s circulated 1n the flow path 12 at a given flow
rate. A gas supply pipe 160 through which gasses required
for generating a plasma are supplied into the reaction
chamber 13 i1s connected to the upper portion of the side

55
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wall. A gas discharge port 16a which is connected to an
evacuating apparatus and through which the reaction cham-
ber 13 is evacuated to attain a vacuum is disposed in the
lower wall of the reaction chamber 13 (the reactor 11).

A cylinder 23 which covers the side wall 11a of the
reactor 11 is disposed inside the reaction chamber 13 so as
to be in close proximity to the side wall 11a. The cylinder 23
18 made of, for example, Al and has a substantially cylin-
drical shape. A reflecting plate 24 is disposed at a position
which is in the periphery of the sample holder 152 and
opposes the microwave introduction window 14. The
reflecting plate 24 is made of, for example, Al and has a
substantially ring-like planar shape. A plurality of gas dis-
charge holes 244 having a predetermined size are formed in
the reflecting plate 24. The outer peripheral portion 24b of

the reflecting plate 24 is connected to a predetermined
position of the inner wall face of the cylinder 23. The

cylinder 23, and the reflecting plate 24 constitute an adhe-
sion preventing member 22. The heating means 21 heats the
side wall 114 so that the cylinder 23 and the reflecting plate
24 are heated and kept to have a predetermined temperature.
The heating means is not restricted to the heating means 21

using the heating medium, and may be configured so that a
heater or the like directly heats the side wall 1la.

An electrode 25 which has a plurality of through holes
25a and is made of, for example, an Al plate is disposed in
contact with the lower face of the microwave introduction
window 14. The lower face of the electrode 25 and the upper
end portion of the adhesion preventing member 22 are not
connected to each other, and a gap is formed therebetween.
The outer peripheral portion of the electrode 25 is supported
by the upper portion of the reactor 11, and the electrode 25
is grounded via the reactor 11 (as indicated by 25b). The
reactor 11, the microwave introduction window 14, the
heating means 21, the adhesion preventing member 22, the
clectrode 25, and so on constitute a microwave plasma
processing system 20.

In the thus configured microwave plasma processing

system 20, for example, a process of etching the surface of

the sample S mounted on the sample holder 15a 1s conducted
in the following manner. At first, evacuation 1s conducted
through the gas discharge port 16a. Desired reactant gasses
are then introduced into the reaction chamber 13 via the gas
supply pipe 16b and the interior of the reaction chamber 13
18 set to have a desired pressure. The heating medium set to
the predetermined temperature is circulated in the flow path
12, whereby the adhesion preventing member 22 is heated
and kept to the predetermined temperature via the side wall
I1a. Then the microwave oscillator 19 oscillates micro-
waves and the generated microwaves are introduced into the
dielectric passage 17 via the waveguide 18 so that an electric
field is generated below the dielectric passage 17. The
generated electric field is transmitted through the microwave
introduction window 14 and passes through the through
holes 254 of the electrode 25, to be supplied into the reaction
chamber 13 so that a plasma is generated in the chamber 13.
At the same time, the high frequency power source 19 or a
DC power source applies a high frequency electric field or
a DC electric field to the sample holder 154 so that a bias
voltage 1s generated at the sample S. The etch processing is
conducted by irradiating the surface of the sample S with the
plasma while controlling the directivity and the acceleration
energy of ions in the plasma by the bias voltage.

When a deposition film is formed on the adhesion pre-
venting member 22, the member 22 is replaced with another
adhesion preventing member 22 and the plasma processing
step 1s immediately executed. The used adhesion preventing
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member 22 is subjected to a wet cleaning step which 1is

- conducted as another step, thereby removing the depcs1t1011
film. |

Hereinafter, results of processes of conductmg- a plasma

heat conduction to the reflecting plate 44 is so slow that the
~ reflecting plate 44 is hardly set to be at a predetermined

temperature. Consequently, products easily deposit on the
reflecting plate 44, with the result that the density of

prccessing on the sample S by using the microwave plasma 5 products in the vicinity of the surface of the sample S is

‘processing system 20 will be descrlbed The process con-
ditions were as follows: |

Flow rates of reactant gasses
CF 35 sccm
CHF, 35 sccm

‘Pressure 20 mTorr.
Microwaves

Frequency 2.45 GHa |
Power 1,300 W
Heating medium
‘Kind O1l.
| Temperature 40° to 200“ C.

FIG. 3 is a schematic section view showing a system used .

for a comparison example. In the figure, reference symbel

10

15

20

'15a designates a sample holder. A reflecting plate 44 s

~disposed at a position which is in the periphery of the sample

holder 15a and opposes the microwave introduction window
- influence of the temperature of the heating medium on the

- 14. The inner peripheral portion 44b of the reflecting plate
44 is d1rectly supported by an upper outer portion of the

sample stage 15. The outer peripheral portion 44c of the

- reflecting plate 44 is not connected to the side wall 114, and

~ agap 44d is formed therebetween. The reflecting plate 44 is

- made of, for example, Al and has a substantially ring-like
planar shape. A plurallty of gas dlscharge holes 44a having

~ a predetermined size are formed in the reflecting plate 44.
- The other components are cenﬁgured in the same manner as
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relatively low. By contrast, in case of the system of Embodi-
ment 1, the heat conduction to the reflecting plate 24 is so

rapid that the reflecting plate 24 i1s easily set to a predeter-
mined temperature. Consequently, products hardly deposit

on the reflectmg plate 24, with the result that the density of
- products 1n the vicinity of the surface of the sample S 18
relatively high, |

Etch processings were conducted on a silicon oxide
(Si0,) film and a pelycrystallme silicon (poly-Si) film
formed on a 6-inch Si wafer serving as the sample S under
the conditions listed above while applymg a high frequency

- electric power (800 W) of a frequency of 400 kHz to the

sample holder 15a. Next, results of investigation on rela-
- tionships - between the temperature of the heating medium
and the etch selectivity (the ratio of the etch rate of the SiO,

film to that of the poly-Si film) obtained from the etch rates

of the SlO2 film and the poly-Si film will be described.
FIG. 5 is a graph showing results of investigation on the

etch selectivity. In the figure, reference symbol A indicates

‘the case where the system of Embodiment 1 was used, and

z symbol B indicates the case where the system of the com-
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those of the system shown in FIG. 2 except that the cyhnderf__
- 23 is not disposed. The reactor 11, the microwave introduc-

 tion window 14, the heating means 21, the reflecting plate
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44, the electrode 25, etc. constitute the system used for the,;

o cempanson example.

'FIG. 4 is a graph showing results of mvesugatlon on

relationships between the deposition rate of a product ﬁlm_
formed at various portions inside the systems and the
- temperature of the heating medium, when the reactant gasses

- were caused to be: discharged by using only microwaves.

parison example was used. As seen from FIG. 5, as the
“heating of the side wall 11a by means of the heating medium
(o1]) proceeds, the etch select1v1ty is mcreased At all tem-
-~ peratures, the etch selectivity attained by the system of
- Embodiment 1 in which the adhesion preventing member 22
is dlsposed is h1gher than that attained by the system of the
‘comparison example. o
Next, results of processmgs wﬂl be descnbed in which

100-% overetching that is more intensive than 50-%
overetching conducted in a usual pmcessmg was conducted
under the above-listed conditions on the sample S wherein

- an SiO, film is formed on a poly-Si film and further a
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- ment 1 was used, and the line B the case where the system

of the comparison example was used. The numerals 1, 2, and

45

3 affixed to the lines indicate measuring positions, i.e., the
sample S, the cylinder 23 or the side wall 1la, and the

- 5 reﬂectmg plate 24 or 44, respectwely

- As seen from FIG. 4, in the case where the system of the

- comparison example was used, the deposition rate at the side
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wall 11ais gradually reduced (B-2) as the temperature of the

~ heating medium is raised, and the depesmon rates at the

reflecting plate 44 and the sample S are gradually increased

(B-1 and B-3). By contrast, in the case where the system of

Embodiment 1 was used, the deposition rates at the cylinder

23 and the reflecting plate 24 are gradually reduced (A-2 and -
A-3) as the temperature of the heating medium is raised, and
the deposition rate at the sample S is gradually increased
‘(A-1). Moreover, the deposition rate at the sample S in the

~case where the system of Embodiment 1 was used (A-1) is
considerably greater than that in the case where the system
- of the comparison example was used (B-1). In other words,

~ when the side wall 11a is heated to a predetermined tem-

- perature by the heating medium, it is difficult for products to

~deposit on the side wall 11a or the cylinder 23 so that the

phetoresmt film having a hole pattern of a d13meter of about
2 pm 1s formed on the SIO2 film, -

- ~ FIGS. 6A and 6B are diagrams Whmh are roughly drawn
- The line A indicates the case where the system of Embodi-

‘to show a section in the vicinity of the surface of the
~etch-processed sample S under a SEM (Scanning Electron
Microscope). FIG. 6A indicates the case where the system of
~ Embodiment 1 was used, and FIG. 6B indicates the case
- where the system of the comparison example was used. In
~the sample S, an Si0, film 26¢ is formed on a poly-Si film
- 26d,and a phctores1st film 26b having the above-mentioned
hole pattern is formed on the SiO, film 26¢. In the figures,

- numeral 26a des1gnates the surface of the sample S. An etch

processing was conducted on the sample S to form a hole
- 26e. As seen from FIGS. 6A and 6B, in case of the system

- of the comparison example the ground pely-S1 film 26d was
55

etched away by a depth d (FIG. 6B), and, in case of the
system of Embodiment 1, etching was stopped approxi-
~ mately at the interface between the poly 31 film 264 and the
Si0, film 26¢ (FIG. 6A).

Wafers serving as the sample S were successwely sub-

60 Jected to an etch processing one by one under the conditions
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N density of products in the reaction chamber 13 is raised. In

. ~case of the system of the companson example however, the -

e _etch rates of the second, third, .
the first wafer are plotted. In the figure, symbol A indicates

listed above. Results of mvestlgatmns on the etch rate of
each of the wafers will be described.

FIG.7isa graph in which ratms (relatlve etch rates) of the
..... .. wafers to the etch rate of

the case where the system of Embodiment 1 was used, and
symbol B 1nd1cates the case where the system of the com-
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parison example was used. As seen from FIG. 7, in case of
the system of the comparison example, when the processing
is continuously conducted, the etch rates of the second, third,
... wafers were gradually reduced as compared with the etch
rate of the first wafer, and the etch processing on the 20th
and subsequent wafers did not substantially proceed. By
contrast, in case of the system of Embodiment 1, although
the etch rates of the second, third, ... wafers were gradually
reduced as compared with the etch rate of the first wafer, the
etch processing on an about 20th and subsequent wafers was
stably conducted at an etch rate which is about 80% of the
etch rate for the first wafer.

As apparent from the results and description above, in the
microwave plasma processing system related to Embodi-
ment 1, the reflecting plate 24 enables a plasma to be
generated at a high density in the reaction chamber 13 set to
be under a relatively low pressure, and the heating means 21
can heat and keep the adhesion preventing member 22 to be
a predetermined temperature via the side wall 11a. There-
fore, adhesion of products to the adhesion preventing mem-
ber 22 can be reduced. As a result, the density of products
distributed in the vicinity of the surface of the sample S can
be increased and the products can be kept at a high density
state. Therefore, an SiO, film can be etched away with a
higher selectivity with respect to the ground poly-Si film,
and an efficient plasma processing can be conducted on the
sample S continuously and with excellent reproducibility.
The adhesion preventing member 22 can prevent products
from directly adhering to the side wall 11a of the reactor 11,
and the adhesion preventing member 22 which is currently
used and on which a deposition film of products 1s formed
can be replaced with another adhesion preventing member
which has been cleaned, whereby the interior of the reaction
chamber 13 can easily be cleaned. Consequently, the avail-
ability factor of the system can be increased as well as
particles can be prevented from being produced. Further-
more, the electrode 28 can generate a stable bias voltage at
the surface of the sample S. Therefore, the directivity and the
acceleration energy of ions in the plasma can be further
optimized.

Embodiment 2

FIG. 8 is a section view schematically showing a micro-
wave plasma processing system of Embodiment 2. In the
figure, numerals 23 and 24 designate a cylinder, and a

reflecting plate which are structured in the same manner as
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those shown in FIG. 2, respectively. An electrode 35 which

has a plurality of through holes 35a and is made of, for
example, an Al plate is disposed on the cylinder 23 so as to
be contact with the lower face of the microwave introduction
window 14. The electrode 35 is grounded (25b) via the
reactor 11. The outer peripheral portion 24b of the reflecting
plate 24 is connected to a predetermined position of the inner
wall face of the cylinder 23, and the upper end portion of the
cylinder 23 is connected to the lower face of the outer
peripheral portion of the electrode 35. The cylinder 23, the
reflecting plate 24, and the electrode 35 are integrated into
one body, thereby constituting an adhesion preventing mem-
ber 32. The heating means 21 heats the side wall 11a so that
the cylinder 23, the reflecting plate 24, and the electrode 35
are heated and kept to have a predetermined temperature.
The other components are configured in the same manner as
those of the system shown in FIG. 2. The reactor 11, the
microwave introduction window 14, the heating means 21,
the adhesion preventing member 32, the electrode 35, and so
on constitute a microwave plasma processing system 30.
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As apparent from the above description, in the microwave
plasma processing system 30 of Embodiment 2, the reflect-
ing plate 24 enables a plasma to be generated at a high
density in the reaction chamber 13 set to be under a
relatively low pressure. Furthermore, since the electrode 35
can generate a stable bias voltage at the surface of the
sample S, the directivity and the acceleration energy of ions
in the plasma can be further optimized. Since the heating
means 21 can heat and keep the adhesion preventing mem-

ber 22 to have a predetermined temperature via the side wall
11a, adhesion of products to the adhesion preventing mem-
ber 32 can be reduced. As a result, the density of products
distributed in the vicinity of the surface of the sample S can
be further increased as well as products can be kept at a high
density state. Therefore, a silicon oxide film can be etched
away with a higher selectivity with respect to the ground

“silicon film, as well as an efficient plasma processing can be

conducted on the sample S continuously and with excellent
reproducibility. The adhesion preventing member 32 can
prevent products from directly adhering to the side wall 11a
of the reactor 11, and the lower face of the microwave
introduction window 14. The adhesion preventing member
32 which is currently used and on which a deposition film of
products is formed can be replaced with another adhesion
preventing member which has been cleaned, whereby the
interior of the reaction chamber 13 can be cleaned easily and
surely. Consequently, the availability factor of the system
can be increased, and particles can be prevented from being
produced. .

In the above, the embodiments i which the electrode 25
or 35 is disposed in contact with the lower face of the
microwave introduction window 14 have been described.
The electrode 25 or 35 may be disposed at the midpoint
between the microwave introduction window 14 and the
sample holder 15a. |

In the systems of the embodiments, the material of the
adhesion preventing member 22 or 32 is Al. The adhesion
preventing member may be made of any material other than
Al as far as the material 1s electrically conductive and
excellent in heat conductivity. |

As this invention may be embodied in several forms
without departing from the spirit of essential characteristics
thereof, the present embodiment is therefore illustrative and
not restrictive, since the scope of the invention 1s defined by
the appended claims rather than by the description preceding
them, and all changes that fall within metes and bounds of
the claims, or equivalence of such metes and bounds thereof
are therefore intended to be embraced by the claims.

What 15 claimed is:

1. A microwave plasma processing system comprising:

a microwave oscillator:;

a reactor to which a microwave oscillated by said micro-
wave oscillator and a reactant gas are to be introduced;

a waveguide for guiding the microwave to said reactor;

a dielectric passage formed on a face of said reactor and
connected to said waveguide;

a microwave introduction window disposed so as to

partition said reactor into said dielectric passage and a
reaction chamber;

a sample holder disposed 1n said reaction chamber;
means for applying an electric field to said sample holder;

means for supplying the reactant gas to said reaction
- chamber;

means for controlling a wall temperatllre of said reaction
chamber; and
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an adhesion__preventing member in which a cylinder
disposed in contact with an inner face of the wall of
said reaction chamber, and a microwave reflecting plate

are integrally formed, said reflecting plate perpendicu-

larly elongating from an inner side face of said cylinder

toward a periphery of said sample holder in a manner

that said reflecting plate opposes said microwave intro-

duction w:mdow and sa1d reflecting plate having a - gas
‘discharge hole. |

2. A microwave. plasma processmg system aecordmg to

10

claim 1, further comprising a conductor which is disposed

between said microwave introduction window and said

| samme holder, and has microwave transmission holes.

3. A microwave plasma processing system accordmg to .

claim 1; wherein said adhesion preventmg member inte-

grally compnses a conductor which is disposed in contact
with said microwave introduction window and has micro-

wave transnnssmn holes.

4. A microwave plasma processmg system accordlng to
20
~grally comprises a conductor which is dlspesed at the

~ claim 1, wherein said adhesion preventing member inte-

midpoint between said microwave introduction window and

- 'said sample helder and has microwave transmission holes.
3. A microwave plasma processmg system cemprtsmg

‘a nucrowave escﬂlator

25

‘a reactor to which a microwave oscillated by sald micro-

wave escﬂlator and a reactant gas are to be introduced;

_ 12

~a waveguide for guiding the microwa\?e to said reactor;

‘a dielectric passage formed on a face of said reactor, and
connected to said wavegmde

a microwave 1ntroduct10n wmdow IS dlsposed SO as to
partluon said reactor mto sald dleleetnc passage and a
‘reaction cha:mber |

a sample holder d15posed n sa1d reactmn chamber;
means for applymg an electric field to said sample holder;

means for supplymg the reactant gas to said reaction
chamber

means for centrolhng a wall temperature of satd reaction
- chamber; and |

_amicrowave reﬂectmg plate whmh perpendtcularly elon-
- gates from an inner face of the wall of said reaction
chamber toward a periphery of said sample holder in a
~ manner that said reflecting plate opposes said micro-
~ wave introduction window, sa1d reflecting plate having
a gas dlscharge hole. |
6 A microwave plasma processmg system according to
claun 5, further compnsmg a conductor which is disposed
between said microwave introduction window and said
sample holder and has microwave transmlssmn holes.
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